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Description 

Field of the Invention 

[0001] The present invention relates to new oral multi-unitary pharmaceutical preparations containing substituted 
benzimidazoles being inhibitors of H"*", K^'-ATPase (I.e. omeprazole, lansoprazole, pantoprazole, leminoprazole and 
pariprazole) or their pharmaceutically acceptable salts. The preparations comprise a spherical inert core, constituted 
by starch and sugar, coated with a layer containing at least one substituted benzimidazole in the micronized form, 
which is mixed with pharmaceutically acceptable inert excipients, whose proportions are suitable for allowing the dis- 
aggregation of the dosage forms and the intended dissolution of the active ingredient(s), this layer in turn being coated 
with an insulating layer of an exclusively polymeric nature and of suitable thickness, applying lastly an external, gas- 
Iroresistant or enteric layer of suitable thickness, in order to guarantee the integrity of the product until It reaches the 
proximal part of the small intestine, where the formulation will be disaggregated to facilitate the absorption of the 
substituted benzimidazolic compounds. The pellets produced according to the invention are placed in hard gelatine 
capsules and administered to patients in this form. The Invention does not require the stabilization of the benzimidazolic 
compounds using any of the strategies or processes which already belong to the state of the art. Besides, the phar- 
maceutical products produced in this, way are free from organic solvents and/or the Impurities generally associated to 
them, because the application of the different layers exclusively requires aqueous solvents. This aspect constitutes a 
technological advantage, since the aspect constitutes a technological advantage, since the manufacturing process is 
incomparably safer, because there is no toxicity risk to operators or explosion risks and moreover it is more ecological, 
because there Is no possibility of environmental contamination caused by organic solvents leaking into the atmosphere. 
Finally, it is much safer for the patient, because there is no need to consider solvents and/or residual impurities asso- 
ciated to them, which is a considerable advantage in terms of public health. For the manufacture of the products, only 
equipment is required - a fluid bed equipment with an Inner partition device (wurster). The products obtained by extru- 
sion/spheronlzation, by rotogranulation or by "powder coating" are completely outside the scope of the present inven- 
tion. 

[0002] The products obtained are stable for a period of time compatible with pharmaceutical requirements, and they 
present gastroresistance >85% and dissolution characteristics generally adapted to the period of validity established 
for pharmaceutical products (i.e. 3 years). 

Background of tfie Invention 

[0003] Benzimidazolic compounds such as omeprazole (5-methoxy-2(((4-methoxy-3,5-dimethyl-2-pyridinyl)-methy!- 
sulfinyl)1H-benzimidazoie (EP-B1 -00051 29), lansoprazole (2-((3-methyl-4-(2,2,2-trifluoroetoxy)-2-piridyl)methyl(su!fi- 
nyl 1H-benzlmldazole) (US-P-4,628,098), pantoprazole (US-P-4,758,579)), leminoprazole and pariprazole are anti- 
ulcerous substances known for decreasing gastric acid secretion (Olbe L., at ai, Gastroenterol., 83:193-198 (1982); 
Saton H. et al., Jpn. J. Pharmacol. 40 (suppl.). 226 (1986); Saton H, et al.. J. Pharmacol. Exp. Ther, 248 (2), 806-815 
(1989), Nagaya, H, et al., J.Pharmacol. Exp. Then, 248 (2), 799-805 (1989)) and they are used In the therapeutics of 
diseases related to gastric acidity in mammals and especially in humans, including gastric and duodenal ulcers, reflux 
oesophagitis, gastritis, duodenitis and Zolllnger-Ellison syndrome. 

[0004] It is also known that these substituted benzimidazoles possess a very low level of solubility In water, they 
solubilize easily in alkaline solutions (i.e. the degradation of omeprazole in aqueous solutions of pH>11 is 600 
days), they degrade quickly in acidic and neutral media (i.e. the \^/2 degradation of omeprazole In aqueous solutions 
of pH<4 is 10 minutes) (Pllbrand and Cederberg, Scand. J. Gastroenterol, 20 (Suppl, 108), p. 113-120 (1985)) and 
they are stabilized In the presence of alkaline reacting compounds. The maximum stability of omeprazole solutions is 
reached at pH 11; for pHs lower than 7.8, degradation occurs very quickly (Drug.Dev.lnd.Pharm., 21(8), 965 (1995). 
Lansoprazole is relatively stable when exposed to the light. This compound degrades In aqueous solution, its degra- 
dation speed increasing as the pH decreases. For this reason, whenever the oral route Is used it is indispensable to 
coat the formulations with a gastroreslstant layer, in order to avoid contact between the active ingredient and gastric 
content with acidic characteristics. On the other hand, it is necessary that the formulations dissolved quickly in the 
intestine, where the benzimidazolic compounds should be absorbed, i.e. when the pH becomes higher than 6.8. Several 
pharmaceutical preparations containing substituted benzimidazole inhibitors of H*,K"^-ATPase are already patented. 
[0005] The first assays performed with classic enteric pellets containing omeprazole showed that they did not present 
suitable stability during a long enough period of time to be used in a satisfactory pharmaceutical dosage form, because 
fast degradation of the active Ingredient was observed when subjected to normal conditions of storage (T=25±1°C and 
HR=40-75%), with the appearance of noxious degradation products (Brandstrom A., et al., Acta Chemica Scandinavia, 
^3, 536-548 (1989)). 

[0006] DE-A1-3046 559 describes a way to coat a pharmaceutical dosage form with an Insoluble layer containing 
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microcrystalline cellulose and with a second enteric layer. This preparation did not allow the desirable release of ome- 
prazole in the small intestine. 

[0007] US- A - 2 540 979 describes a preparation coated with an enteric layer combined with a first coating of a 
water-insoluble wax. This preparation was shown to be inadequate for omeprazole because the direct contact of the 
cellulose acetophtalate (CAP) with the omeprazole caused its degradation. 

[0008] DE-A1-1 204 363 describes a pharmaceutical dosage form which has three layers but cannot be used for 
omeprazole because it does not allow the fast release of omeprazole in the small intestine, as is desirable. DE-A1 - 1 
204 363 concerns a coating that allows the delivery of the active ingredient in the ileum, which is not desirable in the 
case of omeprazole. 

[0009] DE-A1-1 617 615 describes a dosage form which likewise cannot be applied to omeprazole because it is 
dissolved very slowly in the intestinal juice. 

[0010] GB 2 189 698 A and US 4 786 505 propose the mixture of a mass of cellulose derivatives and disaggregants, 
with an appropriate amount of omeprazole and alkaline salts, in order to obtain, by extrusion, a core which is sphe- 
ronized and coated with gastroresistant agents dissolved in alcoholic solutions also containing considerable percent- 
ages of acetone. However, the pellets obtained are extremely irregular in shape and dimensions, which hinders the 
process of filling the gelatine capsules, and this can have repercussions on a relative dispersion of the average weight 
of the capsules and of the respective dosage. Besides, the use of organic solvents in any of the phases of preparation 
of the pharmaceutical dosage forms means that the quantity thereof in the final product will have to be determined, as 
well as the quantity of the impurities that may be associated to them and may be potentially dangerous for the health, 
which makes them highly inadvisable. 

[0011] US-5 232 706 describes omeprazole dosage forms coated with one or more layers containing water-soluble 
alkaline excipients mixed with a second alkaline compound. 

[0012] US-5 385 739 and FR-A-2 692 146 describe pharmaceutical gastroprotected dosage forms containing ome- 
prazole wherein the active substance is diluted with mannitol and applied to an inert core. The dosage form is prepared 
in a conventional coating pan, which is a slow process and requires the use of organic solvents which are noxious to 
the operator and dangerous to handle. Besides, with the pellets obtained, with a wrinkled surface, it is difficult to fill 
capsules of uniform weight. Finally, the pellets marketed by the applicant of these patents did not observe the gas- 
Iroresistance and dissolution criteria required for their use during the period of validity established for pharmaceutical 
dosage forms. 

[0013] US-5 399 700 concerns the stabilization of benzimidazolic derivative compounds as cyclodextrin inclusion 

complexes. 

[0014] US-5 690 960 concerns dosage forms containing magnesium omeprazole salts with more than 70% crystal- 
lization. 

[001 5] US-5 708 017 concerns an oral formulation in the form of a paste in an oily vehicle, containing a proton pump 
Inhibitor, intended for the treatment of gastric ulcers in humans and animals. 

[0016] US-5 714 504 relates to pharmaceutical formulations for oral administration containing alkaline salts of the 
(-) enantiomer of omeprazole. 

[0017] WO 96/01623 relates to omeprazole tablets obtained from gastroresistant multi-unitary dosage forms, which 
are used to prepare tablets in the presence of appropriate excipients. 

[0018] WO 97/12581 relates to oral formulations of omeprazole obtained by compression of pellets containing ben- 
zimidazotes, thereby obtaining micro-tablets which are subsequently coated and placed in hard gelatine capsules. 
[0019] WO 98/53803 relates to the specific use of a quality of HPMC in the manufacture of pharmaceutical dosage 
forms containing omeprazole. 

[0020] WO 98/1 9668 relates to an omeprazole formulation with pulsatile kinetics which simulates a bolus for a once- 
a-day dosage form. 

[0021] WO 98/50019 relates to oral dosage forms containing omeprazole or lansoprazole, inside hard gelatine cap- 
sules which are subsequently coated with gastroresistant or enteric polymers. 

[0022] US-4 689 333 describes pharmaceutical compositions for the prevention or treatment of ulcers containing an 
effective amount of lansoprazole or a pharmaceutically acceptable salt thereof. 

[0023] US-5 026 560 relates to spherical pellets consisting of a core coated with a binding agent which is coated 
with a mixture of powders containing lansoprazole, HPMC of low viscosity and magnesium or calcium carbonates as 
alkaline agents. The manufacturing process used was "powder coating", which is difficult and laborious and therefore 
makes the product very expensive. 

[0024] US-5 045 321 relates to dosage forms for the production of pellets or coated tablets which comprise a uniform 
mixture of lansoprazole with at least one alkaline inorganic salt. There is no reference to protective and/or enteric 
coatings in the claims of the patent. 

[0025] US-5 093 132 claims a stable oral dosage form containing lansoprazole or a pharmaceutically acceptable 
sail thereof mixed uniformly with an alkaline inorganic salt as a stabilizing agent. Only a simple reference is made to 
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the use of an enteric coating. 

[0026] EP 0 589 981 relates to oral dosage forms of pantoprazole as tablets or pellets which use alkaline and/or 
alkaline-earthy metallic salts for stabilization of the active ingredient and which use organic solvents (i.e. isopropanol) 
in the technological process for the production of the pharmaceutical formulations. 
5 [0027] WO 97/12580 describes oral dosage forms of substituted benzimidazoles, preferably pantoprazole, obtained 
by compression of pellets containing benzimldazole, thereby producing micro-tablets that are subsequently coated 
and placed inside hard gelatine capsules. 

[0028] PT 101 826 and PT 101 965 disclose pellet formulations of omeprazole constituted by an inert core, an active 
layer, an Isolation layer with a thickness of at least 4 jim and an enteric layer with a thickness of at least 20 |im. 

^0 [0029] The present invention concerns stable multi-unitary dosage forms of gastroresistant pellets for oral adminis- 
tration, free from residues of organic solvents and the impurities associated to them, containing a substituted benzim- 
ldazole or a pharmacologically acceptable salt thereof, or associations of substituted benzimidazoles or of their phar- 
maceutically acceptable salts. The formulations do not comprise any of the methods of stabilization of benzimidazoles 
already known from the state of the art and they are the first ones whose manufacturing process involves the use of 

15 a fluid b.ed equipment with an inner partition device (wurster), and not extrusion/spheronization techniques, rotogran- 
ulation, "powder coating" or coating in conventional coating pans. Thus, the present Invention describes pellet formu- 
lations composed of an Inert core coated with a layer which contains the active Ingredient(s), coated in turn with an 
intermediate layer of a minimum thickness of 15 jim and with a final external gastroresistant or enteric layer of a 
minimum thickness of 30 [im The thickness of the Intermediate layer is decisive to the stability of the final product and 

'^0 it prevents the incorporation of alkaline and/or alkaline-earthy metallic salts Into the mixture containing the benzimida- 
zollc compounds, as well as into the insulating layer. The pellets obtained have spherical symmetry and their surface 
is perfectly flat when observed by scanning electronic microscopy (S.E.M,), contrary to the other formulations on the 
market that are obtained by other methods. In addition, the fact that the products are manufactured without the use of 
organic solvents makes them safer for patients and for operators who manufacture and handle them. The manufacturing 

25 process does not cause environmental pollution problems, which are becoming increasingly essential to avoid, and 
this is another of the aspects that differentiate these formulations from those belonging to the state of the art. Moreover, 
the process for manufacturing these new formulations has technical as well as economic advantages. In fact, all the 
stages of the manufacturing process use the same equipment, which represents less contact for the operator with the 
product, contrary to what happens with the other described processes which require the transfer of the pellets from 

30 the extruder/spheronizer to the coating pans or fluid bed equipments in order to be coated. Neither does It involve 
various equipments of restricted use and a high cost, which would have to be reflected in the final price of the product 
to consumers. These facts, together with the high market prices of benzimidazolic compounds, lead to an exaggerated 
increase in the price of the final product, which will necessarily be borne by patients who need the medication. The 
present invention seeks to reduce the production costs of these products in order that they can be used on a large 

35 scale ail over the world. 

Summary of the invention 

[0030] The present Invention describes multi-unitary pharmaceutical dosage forms containing a substituted benzim- 
"'0 idazole (omeprazole, lansoprazole or pantoprazole, leminoprazole or pariprazole) or a salt thereof, or associations of 
benzimidazoles or their salts, constituted by a succession of layers arranged around an inert, spherical core, prepared 
in a fluid bed equipment with an Inner partition device (wurster). The component elements of the dosage form are: 

(1) inert core, 
■•'5 (2) active layer, 

(3) Insulating layer and 

(4) gastroresistant or enteric coating layer. 

[0031 ] The Inert cores of dimensions of 600 - 71 0 |im, 7 1 0 - 850 \im or 850 - 1 000 |im, constituted by pharmaceutically 
•''0 acceptable inert exciplents are coated with a layer containing at least one benzimldazole or its salts, mixed with phar- 
maceutically acceptable Inert exclpients, so that this layer Is quickly disaggregable. This layer is then coated with an 
insulating layer of a strictly polymeric nature, soluble in water of a minimum thickness of 15 )im, and finally this layer 
is coated with an aqueous enteric coating layer of a minimum thickness of 30 ^m. The pellets have spherical symmetry 
and a flat surface, are free from residues of organic solvents and the Impurities associated to them and they have a 
.'55 moisture level that guarantees good stability under normal storage conditions. The pellets are placed in hard gelatine 
capsules and it Is in this form that they are administered to patients. The formulations with this composition are char- 
acterized in that they do not dissolve In an acid medium, but dissolve quickly at an alkaline pH and present good stability 
in terms of dosage and in gastroresistance and dissolution assays, when stored for at least 3 years. 
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Brief Description of the Figures 

[0032] In order to test the stability of the finished products in their packaged form, industrial batches of omeprazole 
and lanzoprazole pellets were prepared (I.e. 400,000 capsules/batch), which were placed Inside hard gelatine capsules, 
which were in turn stored In polyamlde/aluminium/PVC blisters sealed with aluminium foil of 25 pm. The blisters were 
incubated in climatic chambers at 25°C and 60% relative humidity (atmospheric conditions) and 40°C and 75% relative 
humidity (accelerated assays). The following parameters were periodically determined: dosage, gastroresistance, dis- 
solution and level of impurities. 

[0033] Figure 1 shows a graph of the dosage, gastroresistance and dissolution results obtained for omeprazole 
pellets stored inside blisters and kept at 40®C and 75% relative humidity (accelerated assays) for 9 months. As can 
be seen, the omeprazole content is never lower than 95%, which Is the minimum amount generally admissible for the 
amount of active ingredient in pharmaceutical forms during the period of validity. As can also be seen in Figure 1, the 
gastroresistance value obtained for the period during which the assay was carried out was never lower than 85%, 
which is the minimum percentage generally accepted for gastroresistant formulations during the period of validity. Also 
as regards the dissolution assay, the value determined for this parameter for the period during which the assay was 
carried out was never lower than 75%, which is the minimum value generally accepted for this type of formulation 
during the period of validity. The values obtained for each of the parameters studied are presented in detail in Table V. 
[0034] Figure 2 shows a graph of the dosage, gastroresistance and dissolution results obtained for omeprazole 
pellets stored inside blisters and kept at 25°C and 60% relative humidity (assays in real time or under atmospheric 
conditions) for 18 months. As can be seen, the omeprazole content is never lower than 95%, which Is the minimum 
amount generally admissible for the dosage of active Ingredient In pharmaceutical forms during the period of validity. 
As can also be seen in Figure 2, the gastroresistance value obtained for the period during which the assay was carried 
out was never lower than 85%, which Is the minimum percentage generally accepted for gastroresistant formulations 
during the period of validity. Also as regards the dissolution assay, the value determined for this parameter for the 
period during which the assay was carried out was never lower than 75%, which Is the minimum value generally 
accepted for this type of formulation during the period of validity. The values obtained for each of the parameters studied 
are presented in detail in Table VI. 

[0035] Figure 3 shows a graph of the dosage, gastroresistance and dissolution results obtained for lansoprazole 
pellets stored inside blisters and kept at 40°C and 75% relative humidity (accelerated assays) for 6 months. As can 
be seen, the lansoprazole content Is never lower than 95%, which Is the minimum amount generally admissible for the 
amount of active Ingredient in pharmaceutical forms during the period of validity. As can also be seen in Figure 3, the 
gastroresistance value obtained for the period during which the assay was carried out was never lower than 85%. 
which is the minimum percentage generally accepted for gastroresistant formulations during the period of validity. Also 
as regards the dissolution assay, the value determined for this parameter for the period during which the assay was 
carried out was never lower than 75%, which is the minimum value generally accepted for this type of formulation 
during the period of validity. The values obtained for each of the parameters- studied are presented in detail in Table Vll. 
[0036] Figure 4 shows a graph of the dosage, gastroresistance and dissolution results obtained for lansoprazole 
pellets stored inside blisters and kept at 25°C and 60% relative humidity (assays in real time or under atmospheric 
conditions) for 12 months. As can be seen, the lansoprazole content Is never lower than 95%, which is the minimum 
amount generally admissible for the dosage of active ingredient In pharmaceutical forms during the period of validity. 
As can also be seen in Figure 4. the gastroresistance value obtained for the period during which the assay was carried 
out was never lower than 85%, which Is the minimum percentage generally accepted for gastroresistant formulations 
during the period of validity. Also as regards the dissolution assay, the value determined for this parameter for the 
period during which the assay was carried out was never lower than 75%, which is the minimum value generally 
accepted for this type of formulation during the period of validity. The values obtained for each of the parameters studied 
are presented in detail in Table Vlll. 

Detailed Description of the invention 

[0037] The present invention describes formulations that comprise an Inert core of spherical symmetry constituted 
by pharmaceutically acceptable inert excipients, coated with a succession of layers. In order to produce final multi- 
unitary gastroresistant formulations (pellets) that are placed in hard gelatine capsules. Another advantage of these 
new formulations is that all the stages of their production always take place In the same equipment and do not require 
the use of organic solvents. For this reason, these pharmaceutical preparations are safer for operators during their 
manufacture and for the patients to whom they are administered. 
[0038] The elements to consider in the formulations are the following: 

I. Inert cores. 
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II. Active layer. 

III. Insulating layer 

IV. Gastroreslstant or enteric layer. 

I. Inert cores 

[0039] The inert cores have dinnensions of 600 - 710 jim, 710-850 |im, or 850- 1000 ^m, according to the'benzim- 
idazole potency that is intended in the final product. The Inert cores are constituted by starch (10-30%) and sucrose 
(60-90%), but can also contain glucose, lactose, mannitol or any other pharmaceutically acceptable inert excipients. 
With solid consistency and spherical symmetry, the Inert cores are obtained from sucrose particles by coating them 
with successive layers of sucrose and cornstarch. The final product must contain less than 4% humidity. The particles 
must be selected In a relatively narrow range of granulometry, so that the pellets obtained at the end are of a uniform 
dimension. For the benzimidazole dosages generally used in therapeutics (i.e. generally 20-40 mg/capsute), the Inert 
cores should not exceed 850 |j.m, at maximum 1000 ^m; so that gelatine capsules of a relatively small dimension can 
be used, which helps the patient to adhere to the therapy being followed. The. inert cores can be obtained commercially 
and do not constitute the aim of the present Invention. 

II. Active layer 

[0040] The active layer Is applied to the inert core and it contains at least one micronized benzimidazole (i.e. ome- 
prazole, lansoprazole, pantoprazole, leminoprazole or pariprazole) or Its pharmacologically acceptable salts and ex- 
cipients that are also pharmaceutically acceptable, for example surfactant agents, such as. sodium trilaurylphosphate. 
sodium dodecyl sulfate, sodium tridecylethoxylate, sodium myristylsulfate, or, preferentially, fatty acids of sorbitan es- 
ters, such as glycerol polyethyleneglycol oxystearate (Cremophor® of BASF Corporation), which increase the wetta- 
bility of the benzimldazollc compounds; binding agents of a polymeric nature, such as hydroxymethylpropylcellulose 
(Pharmacoat®of Shinetsu; Methocel® of Colorcon), hydroxypropylcellulose (Klucel® of Hercules), hydroxymethylcel- 
lulose, hydroxyethylcellulose (Natrosol® of Hercules or Cellosize® of Union Carbide Corporation), methyl cellulose 
(Methocel® A of Colorcon), ethylcellulose (Aquacoat®de FMC or Surealease® of Colorcon), polyvinylpyrrolidone (Pov- 
idone® of GAF Corp. , Kollidon® of BASF), polyethylene glycols, etc. The mixture that constitutes the layer also contains 
sodium tetraborate to improve the solubility and stability of the benzimidazoles. In order for the dosage form to dissolve 
quickly disintegrating agents are added, such as sodium starch glycolate (Explotab® of Mendell, Primogel® of Ge- 
nerichem), pregeiatlnlzed starch (Starch 1 500), microcrystalline cellulose (Avicel of FMC), sodic or calcic carboxymeth- 
ylceilulose or sodium alginate. Lubricant agents such as magnesium or calcium stearate, or preferentially talc, should 
be added, in order to decrease the friction between the particles. The suspension containing the mixture of the ingre- 
dients is prepared exclusively in water. For the suitable preparation and application of the suspension, the inclusion of 
anti-foaming agents such as simethicone is advisable, preferentially In a form which is easily disperslble in water (in 
the form of an emulsion containing not less than 85% polydimethylsiloxane). 

[0041] When used in the appropriate proportions, the substances previously mentioned are mixed with the active 
ingredient in an aqueous solution, are atomized on the inert cores under suitable conditions, producing a uniform layer 
of a thickness of between 150 and 250 p.m. 

ill. Insulating layer 

[0042] An insulating layer is applied to the active layer in order to separate the layer containing the benzimidazole 
(s) from the enteric coating layer. In fact, gastroreslstant polymers generally have free carboxyl groups with acidic 
characteristics, meaning that if they were to come into direct contact with the benzimidazoles they would cause the 
degradation thereof. For this reason, an insulating layer should be inserted between the active layer and the enteric 
coaling layer. 

[0043] The Insulating layer contains binding agents of a polymeric nature which, by virtue of the evaporation of the 
solvent (I.e. demineralized water), form a protective layer. The binding agents of the insulating layer should be chosen 
among hydroxypropylmethylcellulose (Pharmacoat® of Shinetsu; Methocel® of Colorcon), hydroxypropylcellulose 
(Klucel® of Hercules), hydroxymethylcellulose, hydroxyethylcellulose (Natrosol® of Hercules or Cellosize® of Union 
Carbide Corporation), methylcellulose (Methocel® A of Colorcon), ethylcellulose (Aquacoat® de FMC or Surealease® 
of Colorcon), polyvinylpyrrolidone (Povidone® of GAF Corp., Kollidon® of BASF), polyethylene glycols, etc. The dis- 
persion obtained, of suitable viscosity, is applied to the granules already containing the active Ingredient layer. The 
thickness of this layer will not be less than 15 ^.m. Experimentally, it was ascertained that when this layer is not thick 
enough to suitably protect the layer containing the active Ingredlent(s) from contact with the enteric coating layer, the 
product is degraded quickly and darkens, and the gastroresistance of the final product quickly reaches values lower 
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than 85%. Thus, the nature and thickness of this intermediate layer was found to be decisive to the stability of the final 
product. The composition of this layer, of a strictly polymeric nature, provided that it is of appropriate thickness, prevents 
the incorporation of alkaline and alkaline-earthy metallic salts into the intermediate layer in order to ensure the stability 
of the product. 

IV. Gastroresistant (or enteric) coating layer 

[0044] In the pharmaceutical dosage form, the enteric coating layer is applied to the insulating layer and it contains 
anionic copolymers of methacrylic acid and ethyl acrylate (Eudragit® L30D, Eudragit® L30D-55, Eudragit® L100-55 
of Rohm & Mass), or latex of cellulose acetophtalate (CAP), such as Aquateric® of FMC, pharmaceuticaliy acceptable 
plasticizers, such as triethylcitrate (Citroflex®-2), tributylcitrate (Citroflex®-4), acetyltributylcitrate (Citroflex®-A4), dib- 
utyl sebacate (DBS), diethyl phtalate (DEP), acetylated monoglyceride (Myvacet® 9-40), polyethylene glycols or 
1 ,2-propylene glycol, and possibly a lubricant such as talc or colloidal silicon dioxide (Aerosil® 200 of Degussa) and 
an anli-foaming agent in the nature of silicone. The amounts of polymer and plasticizer have to be strictly selected in 
order to guarantee the intended gastroresistance. 

[0045] The gastroresistant film coats each granule completely and makes the dosage form insoluble in acid media, 
but quickly dislntegrable for neutral and alkaline pH values, as in the case of the fluids present in the proximal fraction 
of the small intestine, where the dissolution and the absorption of the benzimidazole(s) will occur. The thickness of this 
layer should be not be less than 30 jim, in order to guarantee effective protection. 

[0046] The final product is sieved in rooms with controlled humidity and temperature, and placed in hard gelatine 
capsules. 

[0047] The dosage forms of the present invention are multi-unitary formulations in the form of pellets characterized 
by: a) a spherical inert core coated with three concentric layers which results In a product of spherical symmetry, b) a 
first layer of a thickness of 150-250 ^m, applied to the inert core, containing at least one benzimidazole or a pharma- 
ceuticaliy acceptable salt thereof, mixed with inert substances that are also pharmaceuticaliy acceptable, c) a second 
layer (intermediate layer), of a strictly polymeric nature and a minimum thickness of 15 fim, and d) a third layer (the 
outside layer), constituted by a gastroresistant or enteric polymer, of a minimum thickness of 30 ^im. Moreover, the 
formulations are characterized by the complete absence of residues of organic solvents and the impurities associated 
to them, a characteristic which, among others, distinguishes them from the other formulations on the market. 
[0048] Below, there are some examples of formulations that were obtained during the optimization process until the 
final formulations were produced. 

EXAMPLES: 



[0049] 



EP1 108 425 B1 



10 



15 



?0 



25 



30 



35 



^10 



■15 



50 



55 



O 

N 

(D 

L. 

Q. 
0) 

E 
o 

o 

CD 

E 
o 

T— 

s 

_a) 
o 

N 

ro 

Q. 
0) 

E 
o 
o 

'c 

c 
o 
u 
(/} 
E 



o 

O) 
W 

o 



c 
ra 

3 

cr 

*D 

c 

fO 
0) 

> 



o 



_a3 

Q. 

E 

X o 
UJ X- 



0) 
Q. 

E 

X 
LU 



0) 

a 
E 

X 
UJ 



o 

Q. 

E 

X 
LU 



a 
E 

X 
LU 



in 

_Q) 
Q. 
E 

X 
LU 



Q. 

E 

X 
LU 



a 
E 

X 

LU to 



0) 
Q. 

£ 

X 

LU CNJ 



a 

E 
ro 

X 
LU 



C3) 



O 



O 



o 



SI 

o 
B 

E TO 
.E o 

-D O 

o >^ 
CO O) 



CD 

in 



o 



05 

d 



d 



O CD 

00 c 

li 
11 

01 CO 



CO 
00 



o 

00 



o 

00 



o 

00 



o 

CO 



>> J5 
Q. o 

o 3 

I* 
II 



CNJ 



o 

CN 
CNJ 



in 
eg 

CM 



o 



CN 



in 



00 

eg 



in 

CM 



q 
in 

CM 
CM 



o 
un 



E - 
O E 



EP 1 108 425 B1 









CO 




o o 






m 


CO 










_j 




• 




• 


CO 










xam 






Oi 


O) 




a 




m 






CO 








c 
c. 




T- 












■ 


re 








LU 












^ O 




















III 






































c 




















0) 






00 




o> 


m 




f<s. 


m 


> 




CM 


O 


0) 


m 


m 


CO 


CO 














00 


o> 




o 


a 








Q. 

E 










£ 




















Exar 








re 










o 








Ex 






























c 




















'•o 


CO 








oo 


CO 




o 


p 


ccbr 


plel 




















in 




mpl 




CM 
00 




G) 


CD 


E 










2- 














Exa 










ts) 


ixa 


















LU 




































Q. 






o 


in 




CO 


























(0 


o 


JO) 




CO 


o 




00 


CO 




OO 


U) 






Tl- 




a 
E 




d 








Exam 
























re 










zol 








Ex 










(D 


















u. 




















CL 




















0) 


CO 




p 


in 


CO 


CN 




CM 


CO 


E 










0) 






CO 


CO 


o 


D. 




CO 

m 


00 


ampi 




h- 




CD 


o 


E 


















Exa 








X 










E 








LU 










o 








































-fl 


m 




lO 


O) 


in 


00 




o 


CO 


o 






in 


CO 








iri 




HI 


Q. 




o> 




Q. 


CO 


CO 


o> 


OO 




E 




00 




E 




T- 

O) 






o 


re 








re 










N 


X 








X 










ro 


LU 








LU 










Q. 




















0) 




















E 




















o 






cr> 




h- 




CM 




ling ( 


amp 




CO 

in 
^~ 


oo 


xam 


h- 


CO 

oo 


CO 






X 








LU 












LU <^ 






































c 






































o 
o 








CM 
• 


O CO 


m 
* 


». 


in 


1 


(/) 


<D 






o 


Q. 


CO 


p 






Q. 




in 


o> 


xam 




CO 




orrr 


am 




m 

T— 






oo^ 








X 








LU 










0) 


LU CO 


















U) 




















TO 




















dos 






CO 


00 


Q. 


o 
o 




'd; 


1 


««— 
o 
c 


amp 




m 




xam 


oo 


(87.1 






n 


X 








LU 










isitii 


LU CM 




































o 

Q. 






in 


T~ 


<D T- 


CO 


5? 


p 


I 


fe com 








CO 


Q. 


O) 


CO 

<M 

00^ 






amp 




m 


<3> 


xam 


h- 






X 








LU 












tU T- 


















re 






































anti 
















ice 




e and qu 


OSITION 


yer: 






ay mg/g 
al value) 


ests 


o> 
E 
re 




troresistai 


oiutlon 


> 








1? 


w .Si 


1- 


t/i 




w 


0) 










o 


^ m 




w 




cu 


CO 


lalita 


COI 


teric 






< £! 

o 




< 




O 


b 






c 


















O 




LU 



















EP 1 108 425 B1 



[0050] The formulations presented in Examples 1 - 10 were obtained from inert cores coated successively by the 
three layers, each one with the composition presented in Table I. 

[0051] The pharmaceutical formulations of the present invention take the form of pellets with which hard gelatine 
capsules are filled. The preparation of the pellets is processed as follows. For the preparation of the layer containing 

5 the active substance(s) (1st layer or active layer), a portion of demineralized water was heated up to 85-90°C and then 
hydroxypropylmethylcellulose (HPMC) was dispersed in it. In another portion of demineralized water, glycerol polypro- 
pyleneglycol oxystearate, sodium tetraborate, the simethicone emulsion, sodium starch glycolate and, finally, benzim- 
idazole(s) were dispersed. When the suspension became uniform it was mixed with the HPMC dispersion after cooling 
to about 35°C. This last suspension was homogenized by shaking and applied to the inert cores (710 - 850 jim or 850 

70 - 1 000 Jim). After the application of the suspension, the pellets were dried so that their temperature did not ex ceed 50°C. 
[0052] For the preparation of the insulating layer (2nd layer or intermediate layer), demineralized water was heated 
up to 85-90°C. After this temperature was reached, HPMC was added and homogenized by shaking, until total disper- 
sion was achieved. The dispersion was cooled to room temperature and applied to the product already containing the 
benzimidazolic layer. This operation is extremely delicate, because it must be guaranteed that the fluldization of the 

15 bed ensures the homogenous coating of all the pellets, with a film of regular thickness (which should not be less than 
15 |,im). 

[0053] The gastroresistant or enteric coating layer (-3rd layer or external layer) was prepared by mixing the deminer- 
alized water with the simethicone emulsion, followed by the addition of triethylcitrate and, finally, the copolymer of 
methacrylic acid. The dispersion was then homogenized for a few minutes and applied to the pellets already coated 
''io with the intermediate layer. 

[0054] All the stages of the manufacture of the dosage forms took place In a fluid bed equipment with an inner partition 
device (wurster), under specific conditions. 

[0055] As regards the final products, the amount of the active ingredient (mg of omeprazole / g of pellets), as well 
as the gastroreslstance (%) and dissolution parameters of the formulations, were determined. The objective established 
'^5 for this invention was the obtention of dosage forms with the following characteristics: amount of active ingredient > 
85 mg / g of pellets, gastroreslstance > 95% and dissolution > 85%, in order to establish the following specification 
limits (which should be maintained throughout the period of validity of the product): amount of active ingredient > 80.75 
mg / g of pellets, gastroreslstance > 85%, dissolution > 75%. 

[0056] The analysis of the results obtained in the assays performed with the different dosage forms in the Examples 
^0 presented in Table I led to the following conclusions: 

a) The dosage form illustrated in Example 1 did not present enough gastroreslstance. 

b) The dosage form illustrated in Example 2 is similar to that of Example I, but the amount of enteric polymer was 
^5 increased (3rd layer). This change was not enough to significantly improve the gastroresistence of the dosage form. 

c) Examples 3 and 4 illustrate dosage forms wherein, preponderantly, the amount of gastroresistant polymer was 
increased, but their gastroreslstance do not reached the Intended levels. 

•'0 d) Example 5 illustrates a formulation wherein the amount of enteric polymer was duplicated. At the same time, 

the thickness of the Intermediate layer was increased slightly. Using this strategy it was possible to obtain pellets 
with the intended gastroreslstance. However, the thickness of the gastroresistant layer seems to have a negative 
influence on the dissolution of the formulation. 

''5 e) Example 6 illustrates a formulation wherein the amount of hydroxypropylmethylcellulose used in the 2nd layer 

was doubled and the amount of gastroresistant polymer used was the same as in Example 2. Under these condi- 
tions, a gastroreslstance value of 96.2% and a dissolution value of 93.3% were obtained. 

f) Example 7 illustrates a dosage form wherein it was investigated whether maintaining the thickness of the 2nd 
50 layer made it possible to further reduce the amount of gastroresistant polymer to be applied. The results obtained 

in the gastroreslstance and dissolution assays show that it is not advisable to reduce the amount of gastroresistant 
polymer beyond the values used in Examples 2 and 6. 

g) Examples 8, 9 and 10 illustrate dosage forms wherein an attempt was made to improve the yield of application 
•'55 of the 1st layer, without affecting the dissolution of the dosage form. In Example 8, sodium dodecyl sulphate was 

substituted by glycerol polyethyleneglycol oxystearate, the use of lactose was excluded and the percentage of 
hydroxypropylmethylcellulose (HPMC) was increased considerably. In Example 9, the amount of sodium tetrabo- 
rate was corrected to adjust the pH value to about 9 and some talc was also Included. Example 10 is similar to 
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Example 9. except that talc was not Included as a lubricant. 

h) The results obtained with the dosage forms illustrated In Examples 8, 9 and 10 suggest that the changes made 
to the composition of the 1 st layer made it possible to Increase by about 5% the yield of the industrial process for 
the application of the first layer, without affecting the dissolution of the dosage form. 

[0057] As can be observed, Exemples 1-5 and 7 are outside the scope of the present invention. 
[0058] The Examples presented above showed that Is possible, using only aqueous solvents, to obtain formufations 
containing omeprazole which obey the dissolution and gastroresistance criteria required for these types of dosage 
forms. Examples 1 - 5 and 7 describe dosage forms which are executable from a technological point of view, but which 
do not obey the other criteria required for the type of dosage form intended to be developed. Examples 6,8-10 describe 
dosage forms that obey the established criteria (i.e. GR > 95% and dissolution > 85%, after prodution); however, the 
dosage forms Illustrated in examples 5-7 are economically not very advantageous, because the yield for application 
of the 1 St layer, the one that contains omeprazole was stIIH relatively low (i.e. about 90%), taking into account the high 
price of this active Ingredient. Examples 8 - 1 0 constitute steps for optimizing the dosage forms in order to Improve the 
yield of the industrial process, as a way of making it economically more advantageous and maintaining the intended 
characteristics of release and stability. 

[0059] The present invention also relates to the preparation of other omeprazole multi-unitary dosage forms, of great- 
er potency (i.e. 140±10 mg of omeprazole/g of pellets), for treatment with higher dosages (I.e. 40 mg/capsule), also 
using hard gelatine capsules of small dimensions for increased patient comfort. In order to achieve this, inert cores of 
smaller dimensions are used (600-710 |j,m). Two Examples of these formulations are presented as follows: 



Table II - 



Qualitative and quantitative composition of dosage forms containing omeprazole (140±10 mg of 
omeprazole/g of pellets) according to the invention. 


COMPOSITION 


Example 11 


Example 12 


(g) 


(q) 

la/ 


Inert cores 


1000.0 


1000.0 


Active layer: 






Omeprazole 


280.0 


280.0 


Sodium starch glycolate 


8.0 


8.0 


Hydroxypropylmethylcellulose 


112.6 


112.6 


Sodium tetraborate 


3.0 


3.0- 


Emulsion 30% Simethicone 


1.8 


1.8 


Glycerol polyethyleneglycol oxystearate 


16.3 


16.3 


Talc 




5.0 


Insulating layer: 






Hydroxypropylmethylcellulose 


140.0 


140.0 


Enteric layer: 






Copolymer of methacrylic acid 


390.0 


390.0 


Tri ethyl citrate 


39.0 


39.0 


Emulsion 30% Simethicone 


2.6 


2.6 


TOTAL 


1993.3 


1998.3 


Assay mg/g (theoretical value) 


140.5 


140.1 


Tests 


Example 11 


Example 12 


Assay (mg/g) 

(%) 


133.6 (95.1%) 


134.8 (96.2%) 
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Table II - (continued) 



Qualitative and quantitative composition of dosage forms containing omeprazole (140±10 mg of 
omeprazoie/g of pellets) according to the invention. 


Tests 


Example 11 


Example 12 


Gastroresistance 

(%) 


96.1 


95.0 


Dissolution 

(%) 


89.7 


85.4 



[0060] The preparation of the suspensions and dispersions for the manufacture of the product was carried out in the 
same manner as described previously. 

[0061] In the case of these higher potency omeprazole dosage forms, since the inert cores have smaller dimensions, 
it was necessary to adjust the amount of hydroxypropylmethylcellulose to be incorporated into the intermediate layer 
in order to guarantee adequate Insulation (i.e. thickness greater than 15 |Lim). It is also necessary to study the amount 
of enteric polymer coating to include in the formulation in order to obtain a layer with a thickness greater than 30 }im. 
[0062] Just as it was possible to establish stable dosage forms for omeprazole (as shown later on), the present 
invention also seeks to describe multi-unitary dosage forms containing lansoprazole. Some Examples are presented 
below. 

[0063] The preparation of the suspensions and dispersions was carried out according to the methodology described 
previously. 

[0064] All the formulations illustrated in the Examples present assay, gastroresistance and dissolution parameters 
compatible with the requirements. Products manufactured in accordance with these Examples were submitted to long- 
term stability assays, the results of which are presented below. 



Table III- 



Qualitative and quantitative composition of dosage forms containing lansoprazole (90t10 mg of 
lansoprazole /g of pellets) according to the invention. 


COMPOSITION 


Example 13 


Example 14 


Example 15 


(g) 


(g) 


(g) 


Inert cores 


1000.0 


1000.0 


1000.0 


Active layer: 








Lansoprazole 


140 


140 


140.0 


Glycerol polyethyleneglycol ox. 
ystearate 


8.3 


8.3 


8.3 


Sodium starch glycolate 


4.0 


4.0 


4.0 


Hydroxypropyimethylcellulose 


56.3 


56.3 


56.3 


Sodium tetraborate 


1.5 


1.5 


1.8 


Emulsion 30% Simethicone 


0.9 


1.3 


2.0 


Talc 








Insulating layer: 








Hydroxypropylmethylcellulose 


80.0 


80.0 


80 


Gastroresistant layer: 








Copolymer of methacrylic acid 


225.0 


225.0 


225.0 


Triethylcitrate 


22.5 


22.5 


22.5 


Emulsion 30% Simethicone 


1.5 


1.5 


1.5 


TOTAL 


1540.0 


1540.4 


1541.4 
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Table III - (continued) 



Qualitative and quantitative composition of dosage forms containing lansoprazole (90±10 mg of 
lansoprazole /g of pellets) according to the invention. 


COMPOSITION 


Example 13 


Example 14 


Example 15 


Gastroresistant layer: 








Assay mg/g (theoretical 

value) 


90.9 


90.9 


90.8 


Tests 


Example 13 


Example 14 


Example 15 


Assay (mg/g) 

(%) 


90.5 (99.6%) 


89.0 (97.9%) 


88.6 (97.6%) 


Gastroresistance 

(%) 


92.3 


94.0 


95.1 


Dissolution 

(%) 


84.8 


85.0 


82.7 



[0065] The present invention also applies to the active ingredient pantoprazole, with which multi-unitary dosage 
forms were also developed similar to the ones obtained for the other substituted benzlmidazoles (omeprazole and 
lansoprazole). One Example of this application is presented below. 

Table IV - 



Qualitative and quantitative composition of dosage forms containing pantoprazole (90±10 mg of 
pantoprazole /g of pellets) according to the invention. 


COMPOSITION 


Example 16 (0) 


(9) 


Inert cores 


1000.0 


Active layer: 




Pantoprazole 


140 


Glycerol polyethylenoglycol o.xystearate 


8.3 


Sodium starch glycolate 


4.0 . 


Hydroxypropyl methylcellulose 


56.3 


Sodium tetraborate 


2.0 


Emulsion 30% Simethicone 


1.8 


Insulating layer: 




Hydroxypropylmethylcellulose 


80.0 


Gastroresistant laver: 




Copolymer of methacrylic acid 


225.0 


Triethylcitrate 


22.5 


Emulsion 30% Simethicone 


1.5 


TOTAL 


1541.4 


Assay mg/g (theoretical value) 


90.8 


Tests 


Example 16 


Assay (mg/g) 

(%) 


90.0 (99.1%) 
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Table IV - (continued) 



Qualitative and quantitative composition of dosage forms containing pantoprazole (90±10 mg of 
pantoprazole /g of pellets) according to the invention. 


Tests 


Example 16 


Gastroresistance 

(%) 


93.8 


Dissolution 

(%) 


87.6 



[0066] The present invention can extends its application to other substituted benzimidazoles with therapeutic interest, 
for example leminoprazole and/or pariprazole. It Is also applicable to substituted benzimldazole salts, benzimidazolic 
associations or pharmaceutically acceptable salts thereof. 

[0067] With optimized dosage forms - final dosage forms - It will be shown below that the products obtained, as well 
as obeying analytic specifications when analyzed immediately after manufacture, maintain their stability during a period 
of time appropriate for sale on the pharmaceutical marl<et for therapeutic purposes. 

CONTROL OF THE FINISHED PRODUCT 

[0068] Parameters analyzed: 
Assay 

Gastroresistance 
Dissolution 
Total impurities. 

[0069] The above mentioned parameters were determined by HPLC (High Performance Liquid Chromatography), 
with an RP-8 column of 150 mm x 46 mm, filled with particles of 5 |im, and spectrophotometric detection at A. = 280 
nm. In order to determine the total impurities, an RP-8 column of 250 mm x 46 mm was used. 
[0070] The gastroresistance assays were performed by submitting the dosage forms, for 2 hours, to the action of an 
acidic incubation medium of pH =1 .2, at 37°C± 0.5°C, with constant mixing at 1 00 r.p.m.± 4 r.p.m., using the dissolution 
equipment described by USR 

[0071] The dissolution assays were performed by submitting the dosage forms, for 2 hours, to the action of an acidic 
incubation medium of pH=^1.2, at 37°C± 0.5°C, with constant mixing at 100 r.p.m + 4 r.p.m., followed by the addition 
of a dissolution Incubation medium, maintaining the same conditions for 30 min, using the dissolution equipment de- 
scribed by USR 

STABILITY TESTS 

[0072] To test the stability of the pharmaceutical dosage forms, stability tests were performed on batches of capsules 
containing the pellets manufactured according to the present invention. The pellets were placed inside hard gelatine 
capsules which were stored in blisters of poiyamide/aluminium/PVC sealed with aluminium foil of 25 |im. These blisters 
are maintained at room temperature (real time), and also in an incubator at 40°C and 75% relative humidity, and certain 
parameters were periodically determined, such as assay, gastroresistance, dissolution and total Impurities. The results 
obtained for one batch of omeprazole pellets and for one batch of lansoprazole pellets are presented as follows. 



Table V- 



BATCH MED59 - OMEPRAZOLE PELLETS 

Assays performed with product maintained at 40°C/75% relative humidity 


Incubation 

period 
(months) 


Temperat. 
(°C) 


Relative 
Humidity 
(%) 


Colour 


Assay 
(mg/g) 
(%) 


Gastro- 
resistance 
(%) 


Dissolution 

{%) 


Impurities 

Total 
Individual 

(%) 


0 


40 


75 


A 


88.9 
(100.0) 


96.3 


93.6 


<2.0 
<0.5 
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Table V- (continued) 





BATCH MED59 - OMEPRAZOLE PELLETS 

Assays performed with product maintained at 40°C/75% relative humidity 


5 


Incubation 

period 
(months) 


Teniperat. 


Relative 
Humidity 
(%) 


Colour 


Assay 
(ma/a) 

(%) 


Gastro- 
resistance 
(%) 


Dissolution 


Impurities 

Total 
Individual 
(%) 


10 


1 


40 


75 


A 


86.7 (97.5) 


98.8 


87.6 


<2.0 
<0.5 




3 


40 


75 


A 


88.9 
(100.0) 


97.6 


87.2 


<2.0 
<0.5 


15 


5 


40 


75 


A 


86.6 (97.4) 


94.5 


iB2.1 


<2.0 
< 0.5 




6 


40 


75 


A 


85.8 (96.5) 


97.5 


86.7 


< 2.0 
<0.5 


?0 


7 


40 


75 


A 


86.0 (96.7) 


92.1 ' 


83.0 


<2.0 
<0.5 




9 


40 


75 


A 


84.0 (94.5) 


93.5 


84.8 


< 2.0 
<0.5 


25 


• A-White Pearl 

* The World Health Organisation considers that accelerated stability studies using incubation conditions of a 
temperature of 40° C and 75% relative humidity for 3 months in temperate and subtropical climates and 6 months 
in hot climates for products that are Intended for the global market are a good indicator of the stability of a pharma- 
ceutical dosage form. (WHO/PHARl^/94. 565). 



30 

Table VI- 



BATCH MED59 - OMEPRAZOLE PELLETS 

Assays performed with product maintained at room temperature (real time) 


Incubation 

period 
(months) 


Temperat. 
(°C) 


Relative 
Humidity 
(%) 


Colour 


Assay 

(mg/g) 

(%) 


G astro - 
resistance 
(%) 


Dissolution 
(%) 


Impurities 

Total 
Individual 
(%) 


0 


25 


60 


A 


88.9 
(100.0) 


96.3 


93.6 


<2.0 
<0.5 


6 


25 


60 


A 










9 


25 


60 


A 


89.0 
(100.1) 


96,3 


86.0 


<2.0 
<0.5 


12 


25 


60 


A 


88.0 (99.0) 


96.1 


84.4 


< 2.0 
<0.5 


18 


25 


60 


A 


89.4 
(100.6) 


95.1 


86.5 


<2.0 
<0.5 


A-White Pearl. 



55 
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Table VII- 



BATCH LAN1- LANSOPRAZOLE PELLETS 

Assays performed with product maintained at 40°C/75% relative liumidity 


Incubation 

period 
(months) 


Temperat. 
(-C) 


Relative 
Humidity 
(%) 


Colour 


Assay 

(mg/g) 
(%) 


Gastro> 
resistance 

(%) 


Dissolution 
(%) 


Impurities 
Total 
partial 
(%) 


0 
1 
3 


40 
40 


t sJ 

75 
75 


A 
A 
A 


(100.0) 

90.5 
(100.0) 
86.3 (95.4) 


QO Q 
92.1 
92.9 


OO. 1 

82.9 
81.2 


<0.5 
<2.0 
<0.5 
<2.0 
<0.5 
<2.0 
<0.5 


6 


40 


75 


A 


87.1 (96.2) 


91.2 


80.7 


A'White Pearl 

* The World Health Organisation considers that accelerated stability studies using incubation conditions of a 
temperature of40°C and 75% relative humidity for 3 months in temperate and subtropical climates and 6 months 
in hot climates for products that are intended for the global market are a good indicator of the stability of a pharma- 
ceutical dosage form. (WHO/PHARM/94.565), 



Table VIII- 



BATCH LAN1- LANSOPRAZOLE PELLETS 

Assays performed with product maintained at room temperature (real time) 


Incubation 

period 
(months) 


Temperat. 

rc) 


Relative 
Humidity 
(%) 


Colour 


Assay 
(mg/g) 
(%) 


Gastro- 
resistance 
(%) 


Dissolution 
(%) 


Impurities 
Total 
partial 

(%) 


0 


25 


60 


A 


90.5 
(100.0%) 


90.9 


83.1 


<2.0 
<0.5 


6 


25 


60 


A 


90.5 
(100.0%) 


89.1 


82.0 


<2.0 
<0.5 


9 


25 


60 


A 










12 


25 


60 


A 


90.3 
(99,8%) 


92.3 


84.8 


<2.0 
<0.5 



DISCUSSION 



[0073] The Examples presented above show that the dosage forms of the present invention present good stability 
during a long period of storage (i.e. at least 3 years) and present gastroresistance parameters suitable for the length 
of time that the product stays in the stomach, being quickly dissolved as soon as it reaches the proximal portion of the 
small intestine. For these reasons, the formulations should present the following characteristics: 

1 ) An inert core of spherical symmetry constituted by pharmaceutically acceptable inert excipients, which serves 
as the support on which the remaining elements of the formulation are deposited. 

2) A layer containing at least one benzimidazole (i.e. omeprazole, lansoprazole or pantoprazole or other substituted 
benzimidazoles of therapeutic interest), or their various pharmaceutically acceptable salts, mixed in an appropriate 
proportion with pharmaceutically acceptable inert excipients, whose properties guarantee the disaggregation of 
the formulation and the dissolution of the active ingredient in the chosen site. 
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3) An insulating layer of a strictly polymeric nature, water-soluble, free from alkaline or alkaline-earthy metallic 
salts, of a minimum thickness of 15 |j.m, which separates the active layer from the gastroresistant or enteric layer. 

4) An enteric coating layer, generally constituted by an acrylic polymer, of a minimum thickness of 30 |i.m, possibly 
5 in the presence of a plastlcizer and/or an anti-foaming agent, insoluble at the gastric pH and easily disaggregable 

at the pH of the proximal part of the small intestine. 

5) Total absence of residues of organic solvents or the impurities associated to them, since the formulation is 
produced exclusively using demineralized water. 

w 

[0074] The results obtained show that the dosage forms of the present invention are stable in terms of dosage as 
well as in terms of the other tested parameters (i.e. gastroresistance, dissolution and impurities). The process used . to 
manufacture the products is economically more advantageous than the other inventions which belong to the current 
stale of the art, and it also presents novelty as regards its applications. The technological process used is incomparably 
?5 safer than the ones already described, since it does not require the use of organic solvents, with a toxicity risk to 
operators or an explosion risk. Moreover, the pharmaceutical dosage form itself is safer, since there are no residues 
of organic solvents or the impurities inherent to them in the finished products, which is an advantage of these products 
in relation to the others in terms of public health. 

[0075] In addition, the whole manufacturing process takes place in the same equipment - a fluid bed equipment with 

■vo an inner partition device (wurster), which produces pellets of high sphericity and a flat surface, constituted by various 
layers of uniform thickness, contrary to what happens with the pellets produced by extrusion/spheronization, by ro- 
togranulation or in conventional coating pans. 

[0076] The pharmacist can always make variations to the pellet formulations of the present invention, for example 
the use of other aqueous polymers to ensure gastroresistance, such as aqueous dispersions of cellulose acetophtalate 

^5 (CAP), or other plasticizers such as tributylcitrate (Citroflex®-4), acetyltributylcitrate (Citroflex®-A4), dibutyl sebacate 
(DBS), diethylphtalate (DEP), acetylated monoglyceride (Myvacet® 9-40), of other aggregants such as, methylcellu- 
lose, ethylcellulose, hydroxyethylcellulose, hydroxypropylcellulose, polyethylene glycol, polyvinylpyrrollidone, etc.. of 
other disaggregants such as pregelatinized starch, microcrystalline cellulose, calcic or sodic carboxymethylcellulose 
or sodium alginate, or other surfactant agents such as sodium trilaurylphosphate, sodium tridecylethoxylate, sodium 

30 myristylsulfate or sorbitane esters without going beyond the spirit and scope of the present invention. The invention 
can also be applied to benzimidazolic associations or pharmaceutically acceptable salts thereof, if this can be justified 
in therapeutic terms. 

[0077] Finally, it should be pointed out that the present invention does not include formulations obtained by the classic 
extrusion/spheronization techniques already known from the state of the art, the products of which, in terms of quali- 
J5 lative and quantitative composition and also structurally, are different from the ones that the present invention intends 
to protect. 



Claims 

1. Stable pellet preparations suitable for filling hard gelatine capsules, containing substituted benzimidazole(s) or 
their salts, characterized in that they contain a quantity of active ingredient(s) of between 1 - 50 mg an inert core 
of spherical symmetry with a diameter of 600 - 1000 ^m constituted by inert excipients, coated by three sequential 
concentric layers as follows: 

^5 

a) an active layer of a thickness of 1 50 - 250 |im containing at least one substituted benzimidazole and various 
pharmaceutically acceptable inert excipients, mixed in suitable proportions in order to allow a quick disaggre- 
gation of the formulations and dissolution of the active ingredlent(s) in the proximal fraction of the small intes- 
tine; 

r>o 

b) an insulating layer of strictly polymeric nature, soluble in water, free from alkaline and/or alkaline-earthy 
metallic salts, of a minimum thickness of 15 fim; 

c) a gastroresistent or enteric layer of a minimum thickness of 30 |j.m; 

obtainable by a process in which all the stages of their manufacture take place in a fluid bed dryer equipment with 
wurster insert, without using organic solvents in any of the phases of the technological process. 
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Pharmaceutical preparations according to clainn 1, characterized in that the layer which contains the active in- 
gredient(s) comprises the all<aline compound sodium tetraborate. 

Pharmaceutical preparations according to claims 1 - 2, characterized in that the layer which contains the active 
ingredient(s) comprises disaggregantagent(s), such as sodium starch glycolate, pregelatinized starch, microcrys- 
talline cellulose, sodic or calcic carboxymethylcellulose or sodium alginate. 

Pharmaceutical preparations according to claims 1 - 3, characterized in that layer which contains the active 
ingredient(s) comprises the surfactant glycerol polyethyleneglycol oxystearate. 

Pharmaceutical preparations according to claims 1 - 4, characterized by an Insulating layer which is soluble in 
water, free from of alkaline and/or alkaline-earthy metallic salts, containing exclusively binder agent(s) of polymeric 
nature in a percentage between 5 - 10% in weight (in relation to the final weight of the product), chosen among 
hydroxymethylcellulose, hydroxypropylcellulose, hydroxypropyl methylcellulose, polyvinylpirrolydone or polyeth- 
ylene glycols, in the absence of any compound other than residual water. 

Pharmaceutical preparations according to claims 1-5, characterized in that the gastroresistant or enteric layer 
contains only aqueous polymers, such as the anionic co-polymers of methacrylic acid and ethyl acrylate, or latex 
of cellulose acetophtalate, present in a percentage between 14 - 20% in weight, in relation to the final weight of 
the product. 

Pharmaceutical preparations according to claim 6, characterized in that the gastroresistant or enteric layer con- 
tains one or more plastlcizers acceptable from a pharmaceutical point of view, such as triethylcltrate or polyethyl- 
enoglycols, mixed with an anti-foaming agent in the nature of silicone . 

Patentanspruche 

1 . Stabile Pellet-Praparate, die zum Fullen von Hartgelatlnekapseln geelgnet sind und substltulerte(s) Benzimidazol 
30 (e) Oder Ihre Saize enthalten, dadurch gekennzeichnet, dass sie eine Wirkstoffmenge von 1 - 50 mg und einen 

inerten Kern enthalten, der von kugelformiger Symmetrie ist, einen Durchmesser von 600 - 1000 unn hat, durch 
inerte Arznelstofftrager gebildet wird und wie folgt mit drei aufeinander folgenden konzentrlschen Schichten be- 
schichtet ist: 

(a) eine aktlve Schlcht mit einer Dicke von 150 - 250 p,m, die mindestens ein substituiertes Benzimidazol und 
verschiedene pharmazeutlsch akzeptable Inerte Arzneistofftrager enthalt, gemischt in Verhaltnissen, die ge- 
elgnet sind, eine schnelle Aufschlieftung der Formulierungen und Auflosung des Wirkstoffs (der WIrkstoffe) 
im oberen Teil des Dunndarms zu eriauben; 

(b) eine Isollerende Schicht von rein polymerer Natur, In Wasser losiich, frel von Alkali- und/oder Erdalkalime- 
''0 tallsalzen, mit einer Mindestdicke von 1 5 |im; 

(c) eine magensaftresistente Oder enterische Schicht mit einer Mindestdicke von 30 p,m; 

erhaltllch durch ein Verfahren, in dem alle Stadien ihrer Herstellung In einer Wirbelschichttrockner-Anlage mit 
Wurster-Einsatz ohne Verwendung von organischen Losungsmitteln In irgendeiner der Phasen des technischen 
''5 Verfahrens stattfinden. 

2. Pharmazeutische Praparate nach Anspruch 1 , dadurch gekennzeichnet, dass die Schicht, die den (die) Wirkstoff 
(e) enthalt, die alkalische Verbindung Natriumtetraborat umfasst. 

50 3. Pharmazeutische Praparate nach den Anspruchen 1-2, dadurch gekennzeichnet, dass die Schicht, die den 
(die) Wirkstoff(e) enthalt, Tablettensprengmittel wie zum Beisplel Natriumstarkeglycolat, vorgelatlnisierte Starke, 
mikrokristalllne Cellulose, Natrium- Oder Calclumcarboxymethylcellulose oder Natrlumalginat, umfasst. 

4. Pharmazeutische Praparate nach den Anspruchen 1 - 3, dadurch gekennzeichnet, dass die Schicht, die den 
^'''> (die) Wirkstoff(e) enthalt, das Tensld Glycerlnpolyethylenglycoloxystearat umfasst. 

5. Pharmazeutische Praparate nach den Anspruchen 1-4, gekennzeichnet durch eine Isollerende Schicht, die in 
Wasser losiich und frei von Alkali- und/oder Erdalkalimetallsalzen ist und ausschliefilich BIndemittel polymerer 
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Nalur, ausgewShlt aus Hydroxymethylcellulose, Hydroxypropylcellulose, Hydroxypropylmethylcellulose, Polyvinyl- 
pyrrolidon oder Polyethylenglycolen, bei Fehlen jederanderen Verbindung aufier Restwasser, in einem Prozent- 
_satz von 5-10 Gewichtsprozent (bezogen auf das Endgewicht des Produkts) enthalt. 

6. Pharmazeutische Praparate nach den Anspruchen 1 - 5, dadurch gekennzeichnet, dass die magensaftreslslente 
Oder enterische Schicht nur wassrige Polymere, wie zum Beispiel die anionlschen Copolymere von Methacrylsaure 
und Ethylacrylat, oder Latex von Celluloseacetatphthalat enthalt, die in einenn Prozentsatz von 14-20 Gewichts- 
prozent bezogen auf das Endgewicht des Produkts Vorllegen. 

7. Pharmazeutische Praparate nach Anspruch 6, dadurch gekennzeichnet, dass die magensaftresistente oder en- 
terische Schicht einen oder nnehrere Weichmacher. die vom pharmazeutischen Standpunkt her akzeptabel sind, 
wie zum Beispiel Triethylcitrat oder Polyethylenglycole, vermischt mit eInem Antischaummittel in der Art von Silicon, 
enthalt. 



Revendications 

1. Preparations de pastilles stables destinees au remplissage de capsules en gelatine dure, contenant un ou des 
benzimidazoles substltues ou leurs sels. 

caracterisees en ce qu'elles contiennent une quantite de princlpe(s) actif(s) entre 1 - 50 mg, un noyau inerle 
de symetrie spherique ayant un diametre de 600 - 1000 |im, constitue par des excipients inertes. revetu par trots 
couches concentriques sequentielles comme suit : 

a) une couche active d'une epaisseur de 150 - 250 |im contenant au moins un benzimidazole substitue el 
differents excipients inertes, acceptables d'un point de vue pharmaceutique, melanges en proportions appro- 
priees pour permettre une desagregation rapide des formulations et la dissolution du ou des principes actifs 
dans la fraction proximale du petit Intestin ; 

b) une couche isolante de nature strictement polymere, soluble dans I'eau, exempte de sels metalliques al- 
calins et/ou alcallno-terreux, d'une epaisseur minimum de 15p.m ; 

c) une couche gastroresistante ou enterique d'une epaisseur minimum de 30 fim ; 

pouvant etre obtenues par un precede dans lequel toutes les etapes de leur fabrication s'effectuent dans un 
appareil de sechage a lit flulde avec un insert wurster, sans utiliser de solvants organiques dans Tune quelconque 
des phases du precede technologique. 

2. Preparations pharmaceutiques selon la revendication 1, 

caracterisees en ce que la couche qui contient le ou les principes actifs comprend le compose alcalin 
tetraborate de sodium. 

3. Preparations pharmaceutiques selon les revendications 1 - 2, 

caracterisees en ce que ia couche qui contient le ou les principes actifs comprend un ou des agents de- 
sagregeants, tels que du glycolate d'amldon de sodium, d'amidon pre - gelatinise, de cellulose microcristaHine, de 
carboxymethylcellulose sodique ou calcique ou d'alginate de sodium, 

4. Preparations pharmaceutiques selon les revendications 1-3, caracterisees en ce que la couche qui contient le 
ou les principes actifs comprend I'agent tensioactif oxystearate de glycerol polyethylene - glycol. 

5. Preparations pharmaceutiques selon les revendications 1 - 4, caracterisees par une couche isolante qui est 

soluble dans I'eau, exempte de sels metalliques alcalins et/ou alcalino-terreux, contenant exclusivement un ou 
des agents Hants de nature polymere dans un pourcentage entre 5 - 10 % en poids (par rapport au polds final du 
produit), choisis parmi I'hydroxymethylcellulose, Thydroxypropylcellulose, I'hydroxypropyl methylcellulose, la po- 
lyvinylpyrrolidone ou les polyethylene - glycols, en I'absence de tout compose autre que de I'eau residuelle. 

6. Preparations pharmaceutiques selon les revendications 1 - 5, caracterisees en ce que la couche gastroresistante 
ou enterique ne contient que des polymeres aqueux, tels que les copolymeres anioniques de I'acide methacrylique 
et d'ethylacrylate. ou du latex de cellulose acetophtalate, presents dans un pourcentage entre 14-20 % en poids, 
rapporte au poids final du produit. 
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Preparations pharmaceutiques selon la revendicatlon 6, caracterisees en ce que la couche gastroresistanle ou 
enterique contient un ou plusleurs agents plastlfiants acceptables du point de vue pharmaceutique, tels que du 
triethylcitrate ou des polyethyleneglycols, melanges avec un agent antl-nnoussant de la nature de la silicone. 
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Graphic representation of the results obtained for the stability tests carried 
out at 40°C/75% relative humidity with a batch of omeprazole pellets. 
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Graphic representation of the results obtained for the stability tests carried 
out in real time with a batch of omeprazole pellets. 
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Graphic representation of the results obtained for the stability tests carried 
out at 40''C/75% relative humidity with a batch of lansoprazole pellets. 
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Graphic representation of the results obtained for the stability tests carried 
out in real time with a batch of lansoprazole pellets. 
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